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Abstract. We present an analysis of new spectroscopic observations of the bright Be star h Dra obtained at the Ondfejov 
observatory during 1992 - 2003 and UBV photometric observations secured at several observatories. General characteristics 
and a line identification of the spectrum of h Dra are obtained in the regions 3730 - 5650 A and 5850 - 7800 A by a comparison 
with the theoretical spectrum. The fundamental stellar parameters have been obtained from a comparison with a grid of NLTE 
model atmospheres. The best fit was found for T e g = 14 000 K, logg = 3.5, and «sini = 170 km s" 1 . These values 
together with a Hipparcos parallax lead to a stellar mass M = 4.8 ± 0.8 Mq and radius R — 6.4 ± 0.5 Rq. It is encouraging 
to see that these values agree well with the expected evolutionary mass and radius for the effective temperature we derived. 
Long-term variations of x Dra were analysed using measurements of equivalent widths, central intensities, peak intensities of 
emission lines and emission peak velocity differences for Ha, H/3, H7, US, and some helium, silicon, and iron lines. It turned 
out that the previously reported period of 23 years in the variation of the emission strength is probably a cyclic, not a strictly 
periodic phenomenon. An attempt to find out a period from all available records of the H/3 emission strength led to a value 
of (8044 ± 167) days (22.0 years) but the phase plots show that each cycle has a different shape and length. The maximum 
^ I strength of the emission lags behind the brightness maximum. This is a behaviour usually observed for long-term changes of Be 

stars with a positive correlation between the brightness and emission strength. Since there are obviously no published speckle 
observations of the star, we suggest these should be carried out. They could help to deny or confirm the possibility that the 
emission episodes are triggered by a periastron passage of a putative binary companion moving in an eccentric orbit with a 
8044-d period, as it seems to be the case for some Be binaries. For the moment, the nature and origin of the disk around x Dra 
still remains unknown. From the comparison of the electronic spectra obtained at different phases of the long-term cycle and 
synthetic spectra it appears that there are no detectable changes in the photospheric part of the Balmer lines related to variations 
in the Balmer emission strength which could be attributed to an extended photosphere corresponding to inner parts of the disk, 
optically thick in continuum. 

Key words. Stars: emission-line, Be - stars: individual: x Dra - line: profiles 



1. Introduction 

>c Dra (5 Dra, HD 109387, HR4787, BD +70°703, MWC 222, 
HIP 6 1281) is one of the brightest variable (V = 3 m 75 - 
3™95) Northern Hemisphere Be stars, for which the bright 
Ha line had already been reported by Campbell (1895). Since 
that, xr Dra has been a subject of numerous investigations, with 
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many controversial reports on the time scales and character of 
its variability in various observables. This made it one of the 
most challenging objects for further studies. A detailed history 
of its investigation is summarized in papers by Juza et al. (1991, 
1994) and Hirata (1995) and need not be repeated here. 

The most important results of several more recent studies 
can be summarized as follows: 

1 . Periodic variations of the H/3 emission strength with a pe- 
riod of 23 years, discovered by Jessup (1932), have been 
confirmed and detected also in photometry and contin- 
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uum polarimetry. Their period was improved to 8406 days 
(23.01 years; Juza et al. 1994). 

2. The maximum brightness in the long-term cycle precedes 
the maximum of the emission strength for a few years 
(Juza et al. 1994). The maximum of the emission strength 
coincides with the maximum of continuum polarization 
(Arsenijevic et al. 1994). These facts seem to indicate that 
the brightening of the object is related to temporarily ex- 
tended photosphere which can be satisfactorily modelled 
by rotating model photospheres (Hirata 1995). 

3. xDra is the primary component of a single-line spectro- 
scopic binary in a circular orbit with an orbital period of 
6r?55 and a semi-amplitude of K <~ 7 — 8 kms -1 . This or- 
bital radial-velocity (RV hereafter) variations could be de- 
tected in virtually all published RVs. They are accompa- 
nied by parallel phase-locked V/ R variations of the double 
Balmer emission lines (Juza et al. 1991). 

4. A controversial period of rapid variations of 0"?890384 or its 
various aliases could be found in all available RV data sets, 
line asymmetry and polarization and its value corresponds 
well to the expected rotational period of the Be primary 
(Juza etal. 1991). 

5. The rapid variations in the form of line width and asym- 
metry and also travelling sub-features, seen in a series of 
electronic spectra, can best be reconciled with a period of 
0^545 (one of the aliases of the 0^89 period according to 
Juza et al. 1991) and can be interpreted as signatures of 
nonradial pulsations (Hill 1991). 

It is clear that understanding the long-term variability is one 
of the most important clues to understanding the nature of the 
still mysterious Be phenomenon. Such a task requires, among 
other things, a very patient collection of observational data and 
their careful reduction. Since x Dra has been on our observ- 
ing program both at Ondfejov (spectroscopy with electronic 
detectors), and at Hvar, and recently also at Tubitak (UBV pho- 
tometry) for more than a decade, it was deemed useful to pub- 
lish these unique data sets in extenso, with relevant analyses, to 
enable further comparisons with current and future theoretical 
models of the Be phenomenon. We also offer some interpreta- 
tions and derive improved basic physical properties of the Be 
star based on detailed comparison with synthetic line profiles 
over a large range of wavelengths. 

2. Observations and data reduction 

2. 1. Spectroscopy 

Electronic spectra of xDia were secured from June 1992 to 
April 2003 in the coude and Cassegrain foci of the Ondfejov 
2m telescope. The details of observations are summarized in 
Table 1. 

- Most of the spectra (102) were obtained in the coude focus 
with a Reticon RL-1872F/30 detector at a reciprocal dis- 
persion of 17 A/mm; 93 of them cover the Ha region, 6 of 
them contain H/3 and 3 the H7 line. 

- Since January 2001 to March 2003, 30 spectra were ob- 
tained at the red and blue channels of the fibre-fed echelle 



spectrograph HEROS (//eidelberg Extended Range, Optical 
Spectrograph) attached to the Cassegrain focus. See, e.g., 
Stahl et al. (1995), Stefl & Rivinius (2000) or Skoda & 
Slechta (2002) for more details about HEROS. 
- 31 spectra were obtained with a CCD camera attached to 
the coude focus; 24 of them near Ha, 6 near H/3 and one 
around H7. 

A complete reduction of Reticon spectra, i.e. wavelength 
calibration, rectification, and intensity and equivalent-width 
(WO measurements were all carried out using the program 
SPEFO written by Dr. J. Horn (see Horn et al. 1992, Skoda 
1996 for details). All initial reduction of HEROS and CCD 
spectra (bias subtraction, flat-fielding and wavelength calibra- 
tion) were carried out using modified MIDAS and IRAF pack- 
ages, respectively. The unrectified, wavelength-calibrated spec- 
tra were then exported into SPEFO where the rectification and 
all line parameter measurements were done. 

2.2. Photometry 

A rich collection of UBV photometric observations was ob- 
tained at Hvar and Skalnate Pleso, and complemented by ob- 
servations collected from the astronomical literature, by Juza 
et al. (1994). In addition to these observations, we obtained 
new UBV photometry of x Dra at two observatories: 10 obser- 
vations at Hvar and 47 observations at Tubitak. All these ob- 
servations were corrected for differential extinction and trans- 
formed into a standard UBV system (based on the mean val- 
ues given by Johnson et al. 1966) via non-linear transforma- 
tion formulae using HEC2 2 /VYPAR photometric software (see 
Harmanec & Horn 1998 and Harmanec et al. 1994 for the de- 
tails and copies of the programs). We also extracted 115 H p 
photometric observations having photometric flag or 1 from 
the Hipparcos archive (Perryman et al. 1997) and transformed 
them into Johnson V magnitude using Harmanec's (1998a) for- 
mula. Finally, we read out 96 V magnitude differences from a 
graph published in a poster paper by Croxall et al. (2001) and 
shifted them properly to get them on a scale of other data using 
the nights where this data set overlaps with our calibrated data. 

A few comments are relevant: 

1. To ensure the best homogeneity of Hvar data, we only 
used differential photometry of x Dra obtained relative to 
HR4687 = HD 107193 for which the following all-sky 
UBV values were adopted on the basis of recent data ho- 
mogenization V = 5 m 489, B - V = +0^038, U-B = 
+0™079. The check star HR5018 = HD 115612 (V = 
6 m 215, B-V = -0 m 056, U-B = -0 m 137) was ob- 
served as frequently as the variable. 

2. The same comparisons were also used at the 0.4-m reflector 
at Tubitak. 

3. All older Hvar and Skalnate Pleso UBV observations, pub- 
lished by Juza et al. (1994), were also re-reduced relative to 
the above values for the comparison. 
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Table 1. The observational journal of x Dra at the Ondrejov Observatory. 



Epoch 

[HJD -2400000] 


No. of 
spectra 


Spectrograph 


Detector 


Resolving 
power 


Spectral 
range [A] 


"40UUU 


— j i / m 


93 


coude 


^ericonRL-1872F/30 


10 000 


OjUU — 


/^u 


49021 


- 49026 


3 


coude 


Reticon RL-1872F/30 


10 000 


4310- 


4520 


49079 


-49116 


6 


coude 


Reticon RL-1872F/30 


10 000 


4750- 


4960 


52321 


- 52321 


1 


coude 


CCD SITe005 800x2000 


10 000 


4300- 


4554 


52323 


- 52323 


2 


coude 


CCD SITe005 800x2000 


10 000 


6256- 


6769 


51900 


- 52727 


30 


HEROS 


CCD EEV 2000x800 


20 000 


3450- 


5650 










CCD EEV 1152x770 


20 000 


5850- 


8620 


52742 


- 52754 


6 


coude 


CCD SITe005 800x2000 


10 000 


4753 - 


5005 


52734 


- 52754 


22 


coude 


CCD SITe005 800x2000 


10 000 


6256- 


6769 



3. The optical spectrum of x Dra 

The vast majority of the new spectra cover the wavelength re- 
gion from about 6300 to 6700 A, which includes the Ha line. 
This spectral region is characterized by a permanent presence 
of emission in Ha and Fe II 6456 A lines, while the lines Si II 
6347 A, Sill 6371 A, and He I 6678 A are seen in absorption. 
In a much wider spectral range 3450 - 8620 A, covered only 
by the HEROS spectra, the Balmer lines up to H15 as well as 
some infrared lines are seen. 

The general time behaviour documented by the spectral re- 
gion around Ha seems to be confirmed by the rest of the visible 
spectrum. As usually, the Balmer emission is strongest for Ha 
and decreases toward higher members of the series. A number 
of Fe II emission lines are present in the whole optical spec- 
trum, whereas both the triplet and singlet He I lines are in ab- 
sorption. Lines of other ions, like Mg II, C II, O I are all in ab- 
sorption, with a notable exception of the infrared oxygen triplet 
O I 7772, 7774, 7775 A. Note that certain parts of the red and 
infrared spectrum are strongly contaminated by the telluric ab- 
sorption lines and bands. 

3. 1. Comparison with a theoretical spectrum 

Determination of basic parameters of stellar atmospheres (the 
effective temperature T e g and the surface gravity g) is a rel- 
atively straightforward procedure for normal, main sequence 
stars, where simplifying assumptions of local thermodynamic 
equilibrium (LTE) in a static atmosphere and plane-parallel ge- 
ometry are fulfilled with a sufficient accuracy. 

However, this is not the case for Be stars. The very presence 
of the emission lines indicates the violation of the assumptions 
of a plane-parallel geometry and a static atmosphere. Yet, one 
can try to derive approximate values based on standard mod- 
els, keeping their limited applicability in mind. This should 
work rather well in circumstances when the star in question 
is temporarily without any observable signatures of the Be en- 
velope and has a pure absorption spectrum. Indeed, very satis- 
factory results for two other Be stars, 4 Her (HD 142926) and 
60 Cyg (HD 200310), were obtained this way - cf. Koubsky et 
al. (1997) and Koubsky et al. (2000), respectively. 

Very regrettably, x Dra has never been observed to loose its 
emission lines completely. Therefore, the following results of 



model atmosphere analysis give only an approximate estimate 
of the effective temperature and gravity. 

We calculated a small grid of NLTE plane-parallel 
hydrogen-helium model atmospheres for all combinations of 
three values of T cff (13 000 K, 14 000 K, 15 000 K) and log g 
(3.0, 3.5, 4.0) using a computer code developed by one of us 
(see, e.g., Kubat 2003, and references therein). The hydrogen 
model atom consists of 15 levels of H I and 1 level of H II, the 
helium model atom consists of 29 levels of He I and 1 level 
of He II. The atomic data (transition probabilities, photoioniza- 
tion cross-sections, collisional strengths) were the same as de- 
scribed in Kubat (1999). By simple comparison of the observed 
spectrum of higher Balmer lines to the model one, one finds 
that the model atmosphere with T e s = 14 000 K and logg = 
3.5 leads to quite a satisfactory agreement with the observed 
spectrum for a rotational velocity of v sin i = 170 km s _1 . 

Rotation of the model spectrum was taken into account in 
an approximate way using the convolution of the rotation pro- 
file with the line profile following Gray (1976). 

One can admit that the comparison of the observed and 
model spectrum should also take into account the radiation 
of the secondary component of the binary. However, Juza 
et al. (1991) presented rather convincing arguments that the 
secondary to >^Dra is not a Roche-lobe filling giant but a 
small compact object with a mass probably smaller than some 
0.9 Mg. In the whole optical spectrum, the luminosity of such 
an object would be negligible in comparison to the Be giant and 
we conclude that one can safely neglect the contribution of the 
secondary to the observed spectrum in the investigated range 
of wavelengths. The values of T e g and logg we found are not 
too different from those presented by Chauville et al. (2001) in 
their Table 1, namely T cff = 13900 K and logg = 3.84, based 
on the BCD classification system (Chalonge & Divan 1952). 

The value of v sin i is in a good agreement with the value 
180 km s _1 determined by Stoeckley & Buscombe (1987). 
Higher values of the projection rotational velocity seem to be 
unrealistic. 

The observed and theoretical spectrum is compared in 
Figures 1 and 2, which correspond to wavelength regions cov- 
ered by the blue and red channel of the HEROS spectrograph, 
respectively. Both parts of the spectrum were obtained simul- 
taneously at HJD 5 1924.5409. 

One can see that there is a general agreement between the 
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observed and model spectrum in the wings of Balmer lines 
(with the exception of Ha), while the Balmer line cores are af- 
fected by the emission. Quite satisfactory agreement was also 
achieved for the He I lines and for the Mg II 448 1 A line. Apart 
from Ha wings, which are subject to high variability, the ratio 
between Mg II 448 1 A and He 1 447 1 A is one of the best classi- 
fication criteria for spectral types B7 - B8 (Steele et al. 1999). 
However, the synthetic Sill 6347 and 6371 A lines are deeper 
than the observed ones which probably indicates that they are 
filled by a weak emission. A pronounced difference is seen for 
the infrared O I 7772, 7774, 7775 triplet, which is observed as 
a double-peak emission. 

The Fell lines studied by Hanuschik (1987) - namely the 
triplet 4924 A, 5018 A, 5169 A, and somewhat weaker 4549 A, 
4584 A, and 53 16 A lines - are also observed to have emission. 
On the other hand, there is no observable Fell 6384 A line in 
the spectra of x Dra, similarly as for a Col from Hanuschik's 
sample. 

A casual inspection of the observed spectrum could lead 
to a conclusion that Fell 4924 A line has a P Cygni profile. 
Note, however, that this feature is in fact a blend of He 1 4922 A 
absorption and Fe II 4924 A double peak emission. Similarly, 
the observed asymmetry of the emission peaks of Fe II 5018 A 
line is also caused by blending with an absorption He I line at 
5016A. 

To see if there are any secular changes in the seemingly 
photospheric parts of the observed spectral lines we also com- 
pared the theoretical spectrum with the most recent spectrum 
of x Dra corresponding to another phase of long-term changes. 
It turned out that the only changes are seen in the cores of the 
emission lines, especially of lower Balmer lines, and Fe II lines. 
The fit to the outer wings of higher lines of the Balmer series 
remains unchanged. This seems to indicate that any parts of the 
emission-line envelope are not contributing significantly to the 
observed continuum radiation or that their contribution was the 
same on both occasions. 



4. Measurements 

To investigate long-term variations of x Dra, we focused on 
Ha, H/3, Hy, H<5, Sill 6347 A, Sill 6371 A, He I 6678 A, and 
Fe II 6456 A lines. We measured equivalent width W, peak in- 
tensities of the double emission lines, and the central intensity 
of the absorption reversals relative to the adjacent continuum 
(iy, Ir and I c , respectively) and also the peak separation be- 
tween violet and red peaks (A^ p ). Note that W is taken with a 
negative sign for the emission line profile. 

Both W and all intensities were measured in the original 
spectrum, i.e. without any subtraction of a synthetic spectrum 
(as it is sometimes done in similar studies) since this would im- 
ply an implicit assumption of an optically thin envelope. This 
need not be the case, especially in the cores of Balmer lines. 

Only W and I c were measured, of course, for the absorp- 
tion lines of He and Si. All measurements are collected to- 
gether with heliocentric Julian dates of mid-exposures (HJDs) 
in Tables 2, 3, and 4. 



H„ - k Dra 




AX (A) 

Fig. 3. Evolution of the Ha intensity profile observed in x Dra over 
the last 1 1 years. All spectra are normalized to the local continuum. 

4. 1. Balmer lines 

4.1.1. Equivalent width (W) 

Ha line has always been observed as a double-peaked emission 
with a variable shape and strength (see Fig. 3). Fig.4d shows 
the time variations of the Ha equivalent width W during the 
past 30 years. Data prior to HJD 2448802.43819 were taken 
from Alvarez et al. (1990), Juza et al. (1994), and Moujtahid et 
al. (2000). Numerical values of W, shown only in a graphical 
form in Fig. 1 of Moujtahid et al. (2000) paper were kindly pro- 
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Fig. 4. Correlation between long-term variations of the Ha emission 
line, (a) and (b): The relative intensity of the violet (Iv) and red (Ir) 
peaks, (c): relative central intensity of the line (J c ), (d): equivalent 
width of the Ha line, (e): peak-separation A^ p (Ha). 
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Fig. 6. Variations of H/3 equivalent width (upper panel) and intensity 
(lower panel). 



vided to us by Dr. A.-M. Hubert. One measurement was taken 
from Banerjee et al. (2000). We recall again that the more neg- 
ative values of the equivalent width the stronger the emission 
line. 

The observations published earlier locate one minimum of 
the emission strength (the arithmetic maximum of W) into the 
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Fig. 7. A time plot of the V/R changes of Ha emission line during 
the last 1 1 years. No long-term variations are observed. 



interval between HJD 2443200 and 2443800, when W Ua ~ 
— 3A. The other, recent minimum is sharply defined by our data 
at HJD2451380, when W Ua reached the value of -7.17 A. 
With some scatter, the available data locate the time of the max- 
imum emission around HJD 2447000 with a value of Wh q be- 
tween —20 A and —21 A. The most recent data again indicate 
values near Wn a = —21 A or lower. 

Available equivalent widths of a H/3 lines basically confirm 
the trend defined by Ha, though with an increased scatter. This 
is illustrated by the upper panel of a Fig. 6. 

4.1.2. Central (I c ) and peak {E/C) line intensities 

The central intensity I c of the emission line we define as the 
intensity of the central part of the line relative to the continuum 
level. For the particular case of our star (x Dra) we measure it 
at the position of the central absorption. On the other hand, we 
can express the peak intensity by the ratio E/C, which is the 
mean intensity of both red and violet peaks, i.e. (Iy + Ir)/2- 
We measured the central intensities I c for each line. For com- 
parison with the data of Juza et al. (1994) we measured the 
intensity of H/3 in terms of (Iy + Ir)/2 as well. Our mea- 
surements of the central intensity of Ha were complemented 
by one observation published by Banerjee et al. (2000). The 
central intensity I c shows parallel behavior with red (Jr) and 
violet (Iy) peak intensities, and also with Wh«, as illustrated 
by the first four panels of Fig. 4. 

Fig. 5 represents the intensity variation of H/3 emission over 
the last 30 years. Data prior to HJD 245 1924.5409 have been 
adapted from Juza et al. (1994). One can see a continuing cyclic 
variation over which a secular increase in the emission strength 
seems to be overlapped. 

The central intensities of H7 and US lines have been slowly 
increasing with time from 0.62 to 0.66, and from 0.53 to 0.56, 
respectively, over the period covered by our new data, showing 
again changes parallel to those seen in Ha. 

Parallel changes of the intensity of the emission peaks Iy 
and I R have been found for Ha. Note, however, that - in con- 
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Fig. 8. Comparison of the peak separation of Ha, H/3, and H7 lines. 



trast to many other Be stars - there is no clear evidence of par- 
allel long-term V/R variations as Fig. 7 shows. 

As shown already by Juza et al. (1991), this ratio exhibits 
phase-locked variations with phase of the 61^55 binary orbit. 
We postpone investigation of orbital changes of x Dra into a 
follow-up study. 

4.1 .3. Peak separation (Az/ p ) 

Usually the double-peak structure is one of the characteris- 
tic features of the emission lines in Be stars. Peak-separations 
(Af p ) were measured for Balmer lines whenever they were 
available in our x Dra spectra, the most prominent ones were 
in Ha, H/3, and H7 lines. 

The A^ p of Ha underwent very clear long-term variations 
over the interval covered by our data. After HJD 48802.438 19 
(in 1992) it started a gradual increase until it reached a max- 
imum of 142 km s- 1 at HJD 51378.5441 (in 1999). This 
was followed by a steep decrease to its minimum value of 
53 km s- 1 on HJD 52684.5418 (in 2003). Note that Arsenijevic 
et al (1994) reported the maximum value of the peak separation 
of 206 km s" 1 (in the years 1961-1962 and 1985-1986) and 
the minimum of 69 km s _1 in 1980. Fig. 4e displays the long- 
term behaviour of Ha peak separation based on the new and 
compiled data. The first part of the Af p long-term behaviour 
is mainly based on data from Moujtahid et al. (2000), kindly 
provided to us by Dr. A.-M. Hubert. They go from early 70's to 
1995. 

We also measured the peak separation for H/3 and H7 lines 
in all spectrograms, where these lines were available. Fig. 8 il- 
lustrates the comparison between the peak separation values of 
Ha, H/3 and H7. The measurements of Ai/ p (H7) have large 
uncertainties because of weakness of the emission. Note that 
the values of A^ p (H/3) are significantly higher than those of 
Ha, and smaller than A^ p (H7). In particular, A^ p (H7) ranges 
from 220 to 250km s" 1 , A^ p (H/3) from 144 to 190km s" 1 
and A^ p (Ha) from 53 to 108km s _1 for the time interval 
where data for all three lines overlap. We observe that at any 
time the relation 



A^(Ha) < A^ p (H/3) < A^ P (H 7 ) 



(1) 
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holds. This reflects different regions of the formation of indi- 
vidual Balmer emission lines. The opacity in lower members 
of Balmer series is larger. Consequently, the lines are optically 
thick in the radial direction to a relatively large distance. This 
distance decreases with the increasing principal quantum num- 
ber of the upper transition level. Higher members of the series 
originate at regions closer to the stellar surface, having higher 
Keplerian velocity, and therefore larger Av p . 

Averaging the ratios Af p (H7)/A^ p (Ha), 
A^p(H7)/Az/ p (H/3), and Av p (Rf3) / Av p (Ra) over all 
common epochs we can conclude that 



Hel 6678 - k Dra 



A^ P (H 7 ) 
A^p(Ha) 

A^ P (H 7 ) 
A^ p (H/3) 

A^ P (H/3) 
A^ p (Ha) 



1.37 ±0.15 



= 2.98 ±0.76 



= 2.16 ±0.32 



(2a) 



(2b) 



(2c) 



Within the errors, these ratios are close to the mean values es- 
timated by Hanuschik et al. (1988) and Dachs et al. (1992): 



A^ p (H/3) 



1.8 ±0.5 



(3a) 
(3b) 



Az/ p (Ha) 

A^ p (H 7 ) « 1.2Af p (H/3) w 2.2A^ p (Ha), 
for Be stars having symmetric double-peak profiles. 

4.2. Other lines 

The lines of Sill 6347 A, Sill 6371 A, Fell 6456 A, and Hel 
6678 A are all relatively weak in comparison to the Balmer 
lines but in most cases their measurements were reliable 
enough. The silicon lines Si II 6347 A and Si II 6371 A, and the 
helium line He 1 6678 A have been in absorption, while the Fe II 
6456 A line has appeared as a double-peaked emission profile 
during all 1 1 years of observations. The line profiles of He I 
6678 A and Fell 6456 A are shown in Figs. 9 and 10, respec- 
tively. Note that at certain times it was quite difficult to measure 
these weak lines because of a heavy blending with neighbour- 
ing telluric lines. 

He I 6678 A is the strongest absorption line besides Ha in 
the red part of the spectrum. It appears as a shallow absorp- 
tion line with an intensity 0.04 relative to the continuum level 
(see Fig. 9). Its equivalent width varies from 0.12A to 0.22 A 
from the early 1992 to 1999 and then decreases, with large fluc- 
tuations, to 0.1 A (see lower panel of Fig. 11). In spite of the 
scatter, one can see that He I 6678 A equivalent width follows 
the same trend as the emission lines of Ha and Fe II 6456 A. 

Both Si II 6347 A and Si II 6371 A lines exhibit variations in 
their equivalent width from 0.04 A to 0.1 A at most, as shown 
in the upper and middle panels of Fig. 11. In spite of a con- 
siderable scatter, one can recognize a monotonous decrease of 
their equivalent width with time. 

Line profile of Fe II 6456 A appears permanently as a dou- 
ble emission (see Fig. 10). Its central intensity I c is gradually 
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Fig. 9. Evolution of the Hel 6678 A intensity profile observed in 
x Dra over the last 1 1 years. All spectra are normalized to the local 
continuum. 



varying between 0.98 and 1.06 and back, in parallel to the vari- 
ations of the Balmer lines; The equivalent width of this line in- 
creases (with fluctuations) from the value of -0.17 A in 1992 
to -0.05 A in 1999 (see Fig. 12). Between 2000 and 2003 the 
emission strengthens rapidly so that the equivalent width arith- 
metically decreases, reaching its lowest value of —0.5 A during 
the most recent observations. The epochs when the Fe II 6456 A 
line is either very faint or completely missing, correlates well 
with phases of weakest Ha emission. 
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continuum. 



(lower panel). 



Central intensities of He I 6678 A line, and of both Si II 
6347 A and 6371 A lines are subject to a large scatter and are 
not displayed. 

4.3. Photometry 

Long-term variations of the V magnitude and of both B — V 
and U — B indices are shown in the Fig. 13 in the form of 1- 



d normals. One can see that the brightness in the V passband 
clearly correlates with the long-term spectral changes. 

Besides, it is clear that occasional smaller brightenings or 
fadings occur on a much shorter time scale than the long-term 
ones. While it is conceivable that a single case of such a behav- 
ior could be blamed for larger observational errors, we want 
to point out that, e.g., the sudden brightening observed at Hvar 
on HJD 2451377.4, is undoubtedly a real phenomenon. This 
normal point is based on three observations giving a small rms 
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Fig. 12. Long-term variations of Fe II 6456 A line equivalent width 
(upper panel) and intensity (lower panel). 

error of the mean, obtained on a good night with measured ex- 
tinction and normal values observed for the check star. Such 
brightenings were also observed for some other long-term Be 
variables, e.g. uj CMa (HD 56139) - see Fig. 8 in Harmanec 
(1998b). 

5. Basic physical properties of x Dra 

Most of published spectral classifications of k Dra agree on 
the spectral class B5IIIe-B6IIIe - cf., e.g., Slettebak (1982), 
Hoffleit & Jaschek (1982). The effective temperature derived 
here from the line-profile modelling corresponds to spectral 
class B6. 

One may carry out several consistency checks. First, one 
can use the accurate Hipparcos parallax of >£Dra (6.55 ± 
0.55) mas (Perryman et al. 1997) and a properly chosen V 
magnitude to an estimate of the stellar radius. As already 
mentioned, the star has never been observed without emis- 
sion. However, in the period with only a very weak emission 
around HJD 2443700 the V magnitude of the object attained 
a minimum brightness of about 3™97. Interstellar reddening of 
x Dra was derived by Beeckmans & Hubert-Delplace (1980). 
Three different methods consistently led to E(B - y)=CP04. 
Using the unreddened magnitude Vo=3™93, bolometric correc- 
tion from Code et al. (1976), and the Hipparcos parallax, one 
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Fig. 13. Photometry of x Dra from Hvar (A), Skalnate Pleso (+), and 
Tubitak (o) observatories, from the Hipparcos satellite (o) and from 
Croxall et al. (2001 - V). 



obtains 



R = 6.4 ± 0.51V 



©• 



(4) 



The spectroscopic mass which follows from the comparison 
with the model atmosphere and log g = 3.5 is then 



M = 4.8 ± 0.8M 



©• 



(5) 



Errors in the Eqs. (4) and (5) reflect the error of the parallax. 

In Fig. 14 we compare the stellar radius derived above with 
Schaller's et al. (1992) evolutionary tracks for 5 and 7 Mq 
models stars. One can see that the position of ^Dra corre- 
sponds to a giant star, evolved close to the terminal-age main 
sequence (TAMS) and having a mass slightly over 5 Mq. For 
solar composition, the corresponding evolutionary age is some- 
thing like 8 • 10 7 years. The bolometric magnitude of the star is 
-3 m l. 

It is encouraging to see that in spite of all uncertainties, we 
arrived at consistent estimates of the mass of the Be star by two 
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independent methods. This is very important since just the lack 
of direct determinations of stellar masses of Be stars is one of 
the sources of uncertainty in considerations about how close 
the rotation of Be stars is to break up velocity at the equator. 



6. Character of long-term variations 

During the past century, ^Dra has shown very pronounced 
spectral variability. The strength of H/3 emission was found to 
vary on a scale of about two decades. While such variations of 
Be stars were usually found to be cyclic with variable length of 
individual cycles, in the case of k Dra several authors argued in 
favour of a real periodicity. Periods of 30 and 23 years for the 
variation of E/C of H/3 have been suggested by Struve (1925) 
and Jessup (1932), respectively. McLaughlin (1937) noted that 
in 1936 the emission at H/3 and Ha had almost disappeared. 
Alvarez et al. (1990) reported that the Ha line equivalent width 
varies between 5 A and 25 A. As their Figure 1 shows, they also 
found a clear correlation between continuum polarization and 
Wn a . This correlation was later confirmed by a large series of 
observations published by Arsenijevic et al. (1994). 

Juza et al. (1994) summarized the history of the investiga- 
tion of x Dra up to 1993. They collected and homogenized all 
published records of spectral, light, and polarimetric variations 
and combined them with their own series of spectral and UBV 
observations. They found secular changes in V, B, B-V, and 
U—B, correlated with changes of the strength of Balmer emis- 
sion lines. Notably enough, the U magnitude only exhibited 
small, possibly cyclic variations but no secular changes. 

Juza et al. (1994) analyzed all homogenized records of 
the E/C strength of the H/3 emission for periodicity and 
concluded that it varies with a period of 8406 ± 23 days 
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Fig. 15. A phase plot of the H/3 E/C emission strength, Wn a and 
V magnitude of x Dra vs. phase of the 8040-d period. In the first 
panel, crosses denote the estimates compiled by Jessup (JD 2412450- 
26680), pluses those by Curtiss (JD 2419546-25751), open circles re- 
fer to measurements from photographic spectra published by Juza et 
al. (JD 2441443-46587) and filled circles are our measurements in 
electronic spectra (JD 49079-52754). In the central panel, open and 
filled circles refer to equivalent width measured in photographic and 
electronic spectra, respectively. For V photometry, the same notation 
is used as in Fig. 13. 



(23.01 years). From the records of the equivalent width Wh c 
they found the same period of 8400 ± 340 days. 
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6. 1. Determination of a long term period 

Having new longer series of observations at our disposal, we 
repeated the period analysis of Juza et al. (1994) but with the 
following modifications. 

The principal data set, covering the longest time interval 
from JD 2412450 to JD 2452754 is represented by various 
records of the H/3 emission strength, E/C. A proper period 
analysis of these observations is a bit tricky. As we already 
mentioned, we prefer to analyze directly observable quantities. 
For E/C we adopt the observed peak intensity of the emis- 
sion, measured in units of local continuum, i.e. (Iy + Ir)/% 
similarly as Juza et al. (1994) did. Older observations, based 
on visual estimates, were homogenized and brought onto this 
scale already by Juza et al. but come from two principal sources 
which we treat separately. The third data set is represented by 
measurements from photographic spectra and the last and the 
most accurate one comes from electronic spectra. It is quite 
probable that the zero points of the E/C scale for the above 
mentioned four data subsets differ. We allowed for it and the 
period analysis then showed that all data can be reconciled 
quite well with a period of (8044 ± 157) days, the epoch of the 
maximum strength being (HJD 2437003 ± 55) d, i.e. 22.0 years, 
which is for about one year shorter than the previous estimate. 

Then we kept this period fixed and analyzed Wn a , this 
time allowing for a zero-point difference only between photo- 
graphic and electronic spectra. This data set spans a time inter- 
val JD 2434437 - 2452693. Finally, we also folded all V mag- 
nitude observations, spanning JD 2435400 - 2452827, with the 
same period. The phase plot for all three observables is shown 
in Fig. 15. 

The E/C data now span full 5 cycles. It is immediately 
seen that they can be folded with the 8044-d period to the point 
that the maxima and minima are approximately presented but 
one can also see the individuality of various cycles. For in- 
stance, the latest cycle is distinctly narrower than the previous 
one. Note that the period of 8400 days determined by Juza et 
al. (1994) predicts the the time of minimum Wh q for the year 
2002 while the actual time of minimum came in 1999, i.e., three 
years earlier. Moreover, the time span between two latest events 
of a steep rise of the Ha emission (cf. Fig. 4d) is ~ 6900 days. 
This puts serious doubts on a strict periodicity. 

On the other hand, the mutual phase agreement of three 
independent data sets in Fig. 15 looks quite impressive and 
there are numerous examples among Be stars which display 
cyclic phenomena with very variable individual cycle length 
and shape. Therefore, the possibility of whether the whole phe- 
nomenon is not controlled by some regular clock deserves fur- 
ther study. 

6.2. Discussion of long-term variations 

The question is how to interpret these spectacular long-term 
changes. Already Juza et al. (1994) pointed out that the charac- 
ter of long-term variations of x Dra is typical for a positive cor- 
relation between brightness and emission strength as defined by 
Harmanec (1983). They also noted that the rise of the emission 
strength is much steeper than its decline. From this fact, they 



concluded that there must be some, as yet unknown, physical 
mechanism which supplies fresh material into the circumstellar 
envelope every 23 years. 

A phase lag between the maximum brightness and maxi- 
mum emission strength found by Juza et al. (1994) has been 
confirmed. This again agrees with the idea of two types of a 
correlation between the brightness and emission strength (cf. 
Harmanec 2000). For an inverse correlation (opposite to that 
observed for x Dra, this was discussed semi-quantitatively by 
Koubsky et al. (1997): When a new envelope is formed, it first 
adopts the form of a relatively small region which is optically 
thick in the optical continuum (called "pseudophotosphere" by 
Harmanec 1983, 2000). If the star is observed more pole-on 
than equator-on (and this is the case of x Dra), the inner parts 
of the disk effectively increase the apparent radius of the star. 
This leads to an increasing brightness of the object. As the en- 
velope grows in extent and rarefies, it becomes optically thin in 
continuum and one observes increasingly strong Balmer emis- 
sion and the brightness begins to decrease again. 

A very similar interpretation of the activity cycle was put 
forward also by Hirata (1995) who, however, modelled the op- 
tically thick parts of the envelope explicitly as gravitationally 
darkened stellar photospheres rotating close to the break-up 
speed. We note that his approach is only legitimate if the en- 
velope is formed by a gradual outflow of the material from the 
stellar photosphere. 

In principle, one can envision the following qualitative in- 
terpretations of the long-term changes observed: 

- One possibility is that the long-term variations of x Dra 
are manifestations of the still mysterious Be phenomenon. 
Even so, the interesting aspect is that the re-appearance of 
the emission is rather regular and that the envelope never 
disappears completely as it is the case for many other Be 
stars. If this explanation is accepted, x Dra is indeed a good 
example of the object with a positive correlation between 
brightness and emission strength. 

- Another possibility is to assume that the re-appearance of 
the emission is a periodic phenomenon. The fact that differ- 
ent cycles do not repeat perfectly need not be an ultimate 
argument against such a possibility since there are many 
examples of periodic phenomena with cycle-to-cycle varia- 
tions, like X-ray flares in Be+X binaries or even light curves 
of Be stars in binary systems. To the best of our knowl- 
edge, there are no speckle-interferometric observations of 
x Dra and the idea that the formation of a new envelope 
occurs during periastron passage of a putative companion 
to x Dra moving in an eccentric orbit is a reasonable work- 
ing hypothesis to be tested by future observations. 

7. Summary 

This study is essentially devoted to the investigation of the 
long-term variations and of the physical properties of the Be 
star x Dra. We have presented and analysed new set of spec- 
troscopic observations obtained between 1992 - 2003. We also 
used the published records of the star. 
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Spectrograms obtained during last three years of observa- 
tions cover a wide range of the wavelengths (3450 - 8860 A). 
These wide range spectra were used for a detailed line identi- 
fication in the visible and near infrared range and for a com- 
parison with synthetic spectra calculated from NLTE model at- 
mospheres (Section 3.1). The best fit was found for a model 
with T cff =14000K, \ogg = 3.5 and vsini = 170km s" 1 . 
However, it is only an approximate estimate, since we consid- 
ered an oversimplified picture of the atmosphere as a plane- 
parallel and static one. From the available photometric records, 
parallax, and from the model atmosphere we obtained the stel- 
lar radius = 6.4i?Q, and mass M* = 4.8M Q . 

An analysis of time variations of the line strength (equiv- 
alent width) and intensity of Ha and H/3 over the last thirty 
years show that x Dra undergoes cyclic long-term variations 
with an average cycle of 22 years. These cyclic changes are 
most probably caused by a steep rise and a gradual decrease 
of the dimensions of a rapidly rotating circumstellar disk. This 
picture is supported by the fact that for stronger Balmer line 
emission, formed in more distant (and not so fastly rotating) 
regions of the disk, the peak separation gets also smaller. This 
is observed both for individual Balmer emission lines at the 
same spectrograms and for temporal evolution of each of the 
Balmer lines. 

There remain unsolved problems, however. First, the true 
physical origin of a 22 year variation cycle is unknown. It is 
probably caused by disk oscillations, but that is all we are able 
to say now. Second, the fact that the helium lines are in absorp- 
tion while hydrogen and iron lines are in emission is also not 
explained. More detailed modelling of a hydrodynamics and 
radiative transfer in a disk will help to improve the basic phys- 
ical parameters of this star. 
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In all tables, W is the equivalent width, I c is the central line 
intensity, Iy and Ir are the violet and red emission peak inten- 
sities, respectively, Av p is the velocity difference between red 
and violet peaks, and V/R is the violet-to-red peak ratio. The 
sign — means that the corresponding quantity was not mea- 
sureable. 
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Table 2. Measured parameters of the Ha emission line. 



File 


HJD 




Ic 


Iv 


Ir 




V/R 




-2400000 


[A] 








[kms -1 ] 




R003 1 1 


48813.4315 


-14.99 


2.68 


2.95 


2.77 


124.5 


1.06 


R00685 


48883.5010 


-15.27 


2.80 


2.96 


2.86 


107.6 


1.03 


R00743 


48893.2294 


-14.96 


2.73 


2.86 


2.88 


93.05 


0.99 


R00939 


49018.5005 


-15.59 


2.75 


2.94 


3.05 


108.3 


0.96 


R00940 


49018.5747 


-15.38 


2.72 


2.87 


2.97 


106.0 


0.96 


R01270 


49045.4875 


-14.92 


2.70 


2.86 


2.84 


97.70 


1.00 


R01303 


49066.4515 


-15.15 


2.72 


2.96 


2.81 


114.1 


1.05 


R01381 


49079.5350 


-14.46 


2.68 


2.77 


2.83 


115.9 


0.97 


R01448 


49081.4524 


-14.41 


2.68 


2.80 


2.85 


113.0 


0.98 


R01465 


49088.3750 


-14.96 


2.75 


2.85 


2.87 


109.1 


0.99 


R01515 


49092.4614 


-14.71 


2.72 


2.84 


2.84 


125.3 


0.99 


R01566 


49102.3636 


-14.78 


2.72 


2.80 


2.85 


110.1 


0.98 


R01568 


49102.3818 


-15.07 


2.75 


2.83 


2.87 


108.3 


0.98 


R01697 


49116.4731 


-14.03 


2.58 


2.90 


2.72 


129.9 


1.06 


R01740 


49119.5657 


-14.57 


2.63 


3.05 


2.78 


124.1 


1.09 


R01839 


49133.3452 


-14.12 


2.68 


2.78 


2.74 


120.7 


1.01 


R01849 


49133.4032 


-14.30 


2.71 


2.82 


2.79 


117.7 


1.00 


R03467 


49310.6279 


-14.61 


2.67 




2.75 


111.3 




R03601 


49350.6331 


-14.34 


2.68 


2.79 


2.81 


103.6 


0.99 


R04243 


49463.3294 


-14.28 


2.66 


2.73 


2.81 


125.9 


0.97 


R04249 


49463.3564 


-13.99 


2.64 


2.71 


2.78 


127.1 


0.97 


R04261 


49463.4929 


-14.04 


2.65 


2.72 


2.79 


125.9 


0.97 


R04274 


49463.5259 


-13.90 


2.64 


2.72 


2.78 


125.9 


0.97 


R04406 


49466.3311 


-13.98 


2.62 


2.74 


2.79 


126.5 


0.98 


R04407 


49466.3459 


-13.86 


2.62 


2.74 


2.77 


123.6 


0.98 


R04427 


49466.3994 


-13.88 


2.62 


2.74 


2.77 


126.5 


0.98 


R04433 


49466.4142 


-13.83 


2.62 


2.74 


2.77 


126.5 


0.99 


R04445 


49466.5338 


-13.95 


2.62 


2.75 


2.79 


127.1 


0.98 


R04446 


49466.5492 


-13.97 


2.63 


2.74 


2.79 


126.6 


0.98 


R04462 


49466.6149 


-13.96 


2.62 


2.75 


2.79 


126.5 


0.98 


R04469 


49467.3034 


-14.03 


2.64 


2.74 


2.77 


124.2 


0.99 


R04484 


49467.3497 


-13.98 


2.65 


2.74 


2.77 


125.3 


0.99 


R04496 


49467.4651 


-13.79 


2.63 


2.72 


2.74 


124.8 


0.99 


R04515 


49467.5566 


-13.82 


2.63 


2.73 


2.75 


125.4 


0.99 


R07348 


49702.6550 


-13.14 


2.55 


2.64 


2.73 


121.8 


0.96 


R08190 


49862.3759 


-12.80 


2.43 


2.74 


2.60 


128.3 


1.05 


R08191 


49862.3842 


-12.92 


2.44 


2.76 


2.61 


130.1 


1.05 


R08551 


49918.3372 


-12.28 


2.37 


2.71 


2.49 


140.6 


1.09 


R08739 


49930.3387 


-12.42 


2.45 


2.66 


2.52 


130.1 


1.06 


R09690 


50080.6261 


-12.23 


2.42 


2.49 


2.63 


123.0 


0.95 


R09862 


50104.7034 


-12.13 


2.37 


2.67 


2.49 


135.9 


1.07 


R10089 


50140.5900 


-12.12 


2.41 


2.49 


2.58 


119.5 


0.96 


R 10245 


50158.5779 


-11.35 


2.35 


2.55 


2.38 


126.9 


1.07 


R 10268 


50159.4882 


-10.87 


2.27 


2.51 


2.33 


133.4 


1.07 


R 10285 


50160.4201 


-11.57 


2.35 


2.59 


2.43 


133.9 


1.06 


R10562 


50193.4706 


-11.49 


2.34 


2.46 


2.55 


132.2 


0.96 


R10972 


50249.4667 


-10.60 


2.22 


2.38 


2.39 


124.6 


0.99 


R10995 


50251.3830 


-11.08 


2.29 


2.46 


2.46 


135.8 


1.00 


R11509 


50316.3418 


-10.95 


2.29 


2.38 


2.36 


109.4 


1.00 


R12257 


50448.6371 


-10.38 


2.20 


2.28 


2.39 


126.4 


0.95 


R12528 


50497.4534 


-10.82 


2.24 


2.44 


2.48 


122.8 


0.98 


R12576 


50506.5231 


-10.71 


2.27 


2.35 


2.44 


128.5 


0.96 


R12619 


50509.529 


-10.66 


2.23 


2.33 


2.44 


125.7 


0.95 


R 12743 


50518.464 


-10.44 


2.30 


2.39 


2.36 


135.2 


1.01 
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Table 2. - continued 



File 


HJD 


Wn a 


Ic 


Iv 


Ir 


Ai/ P 


V/R 




-2400000 


[A] 








[kms" 1 ] 




R 13044 


50583.4009 


-9.676 


2.14 


2.33 


2.28 


136.8 


1.02 


R13544 


51238.5568 


-7.531 


1.87 


1.94 


1.99 


131.7 


0.97 


R13622 


51250.4931 


-7.761 


1.87 


1.94 


2.04 


122.3 


0.95 


R13741 


51304.5682 


-7.592 


1.88 


1.93 


1.99 


131.1 


0.96 


R13795 


51316.3680 


-7.629 


1.88 


1.95 


2.00 


126.4 


0.97 


R13799 


51316.4734 


-7.415 


1.83 


1.90 


1.94 


126.4 


0.98 


R13849 


51323.3312 


-8.020 


1.89 


2.04 


2.00 


128.7 


1.02 


R13851 


51323.3469 


-8.040 


1.89 


2.04 


2.00 


132.8 


1.02 


R13853 


51323.3652 


-8.020 


1.89 


2.04 


2.00 


129.9 


1.02 


R13855 


51323.3851 


-8.095 


1.89 


2.04 


2.00 


128.7 


1.02 


R13857 


51323.4095 


-8.045 


1.89 


2.04 


2.00 


129.3 


1.02 


R13859 


51323.4402 


-8.078 


1.89 


2.04 


2.00 


128.7 


1.02 


R13868 


51325.3803 


-7.913 


1.90 


2.05 


1.95 


127.5 


1.05 


R13920 


51328.4117 


-7.700 


1.79 


2.05 


1.93 


136.9 


1.06 


R13922 


51328.4401 


-7.790 


1.81 


2.05 


1.94 


139.2 


1.05 


R14118 


51378.5441 


-7.170 


1.83 


1.91 


1.90 


142.7 


1.01 


R14137 


51379.4291 


-7.501 


1.86 


1.94 


1.92 


119.3 


1.01 


R14276 


51391.4448 


-7.260 


1.78 


1.98 


1.87 


110.0 


1.06 


R14438 


51401.3442 


-7.992 


1.85 


2.01 


1.88 


138.2 


1.07 


R14477 


51410.3629 


-8.344 


1.96 


2.06 


1.96 


119.9 


1.05 


R14787 


51433.3458 


-8.124 


1.95 


2.00 


2.00 


104.1 


1.00 


R15597 


51580.6094 


-10.00 


2.11 


2.31 


2.13 


131.0 


1.08 


R15740 


51602.4666 


-10.35 


2.19 


2.24 


2.30 


107.5 


0.97 


R15898 


51643.4587 


-10.65 


2.19 


2.38 


2.25 


126.4 


1.05 


R15973 


51656.3361 


-10.60 


2.24 


2.32 


2.31 


117.0 


1.00 


R16003 


51661.4248 


-10.77 


2.25 


2.32 


2.33 


108.2 


0.99 


R16079 


51669.3846 


-10.13 


2.19 


2.28 


2.26 


114.1 


1.01 


R16137 


51678.3676 


-10.76 


2.25 


2.32 


2.35 


113.5 


0.98 


R16148 


51679.3875 


-10.72 


2.25 


2.32 


2.33 


117.6 


0.99 


R16150 


51679.4007 


-10.73 


2.25 


2.32 


2.34 


117.6 


0.99 


R16153 


51679.4206 


-10.79 


2.25 


2.33 


2.34 


118.2 


0.99 


R16154 


51679.4386 


-10.88 


2.26 


2.34 


2.35 


119.3 


0.99 


R16167 


51680.3668 


-10.61 


2.25 


2.31 


2.31 


118.8 


0.99 


R16195 


51681.4057 


-10.51 


2.24 


2.29 


2.29 


118.8 


1.00 


R16505 


51714.3660 


-11.01 


2.26 


2.40 


2.34 


117.6 


1.02 


HR1349 


51924.5409 


-15.04 


2.78 


2.93 


2.90 


108.0 


1.01 


HR1396 


51936.5148 


-14.57 


2.75 


2.90 


2.89 


97.28 


1.00 


HR1417 


51938.5012 


-14.74 


2.72 


2.92 


2.87 


84.73 


1.02 


HR1613 


51959.5535 


-14.16 


2.65 


2.89 


2.74 


81.30 


1.06 


HR1852 


52005.3418 


-15.23 


2.83 


3.01 


2.93 


68.74 


1.03 


HR1951 


52027.4415 


-15.57 


2.86 


2.99 





97.30 





HR1966 


52029.3652 


-15.70 


2.87 


3.01 





82.44 





HR2058 


52038.5645 


-15.76 


2.85 








109.8 





CCD 1639 


52322.6262 


-16.43 


3.01 


3.20 


2.95 


91.44 


1.08 


CCD 1640 


52322.6737 


-17.24 


3.03 


3.30 


2.92 


95.55 


1.13 


HR3339 


52343.4912 


-17.38 


3.04 


3.15 


3.14 


80.53 


1.00 


HR3465 


52352.5557 


-16.57 


3.08 


3.24 





85.42 





HR3492 


52362.3688 


-18.37 


— 








72.17 





HR3567 


52366.3847 


-18.62 


3.24 








64.43 





HR3658 


52373.4362 


-19.50 


3.31 


3.48 


3.44 


75.60 


1.01 


HR3977 


52417.4422 


-17.38 


2.95 


3.35 





75.60 





HR5335 


52657.5959 


-20.00 


3.46 


3.46 


3.54 


79.48 


0.97 


HR5411 


52683.5671 


-21.27 


3.56 


3.63 


3.60 


56.41 


1.01 


HR5431 


52684.4712 


-21.17 


3.62 


3.67 


3.64 


56.19 


1.00 


HR5434 


52684.5418 


-20.70 


3.57 


3.60 


3.59 


53.67 


1.00 


HR5481 


52687.4981 


-20.72 


3.52 










HR5484 


52687.5881 


-20.76 












HR5495 


52688.4042 


-21.31 




3.71 








HR5524 


52692.4424 


-20.87 


3.41 


3.62 


3.38 


94.10 


1.07 


HR5537 


52693.4215 


-21.70 


3.49 


3.74 


3.48 


94.33 


1.07 
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Table 2. - continued 



File 


HJD 


Wn a 


Ic 


Iv 


Ir 




V/R 




-2400000 


[A] 








[kms" 1 ] 




HR5757 


52720.3170 


-20.75 


3.41 


3.54 


3.52 


91.13 


1.01 


HR5793 


52721.4772 


-20.78 


3.50 








79.56 


— 


HR5816 


52722.5142 


-21.69 


3.58 


3.75 


3.62 


86.56 


1.04 


HR5836 


52723.4036 


-20.56 


3.27 


3.33 


— 


76.51 


— 


HR5837 


52723.4325 


-21.07 


3.49 


3.62 


3.54 


88.62 


1.02 


HR5864 


52724.4549 


-20.74 


3.49 


3.66 


3.52 


96.38 


1.04 


HR5926 


52727.4657 


-21.50 


3.49 


3.63 


3.53 


84.51 


1.03 


md0412 


52734.7316 


-20.51 


3.39 


3.37 


3.43 


64.20 


0.984 


mdlll8 


52741.9524 


-19.92 


3.33 


3.47 


3.36 


63.89 


1.032 


mdl221 


52742.6241 


-20.37 


3.38 


3.53 


3.42 


60.96 


1.032 


mdl222 


52742.6307 


-20.47 


3.37 


3.53 


3.45 


60.37 


1.024 


mdl421 


52744.8238 


-20.44 


3.42 


3.56 


3.45 


52.75 


1.032 


mdl422 


52744.3828 


-19.89 


3.39 


3.51 


3.41 


53.34 


1.030 


mdl426 


52744.8590 


-20.06 


3.40 


3.52 


3.43 


53.34 


1.026 


md2111 


52751.7782 


-19.71 


3.21 


3.54 


3.25 


114.8 


1.087 


md2112 


52751.7863 


-19.81 


3.22 


3.55 


3.26 


115.5 


1.091 


md2114 


52751.7979 


-19.83 


3.23 


3.55 


3.25 


115.5 


1.09 


md2115 


52751.8014 


-19.78 


3.21 


3.54 


3.26 


114.9 


1.088 


md2229 


52752.5113 


-19.79 


3.23 


3.53 


3.27 


113.1 


1.078 


md2429 


52754.8454 


-19.97 


3.20 


3.53 


3.30 


113.1 


1.07 


md2430 


52754.8493 


-20.09 


3.19 


3.53 


3.30 


111.3 


1.07 


md2431 


52754.8534 


-20.21 


3.21 


3.54 


3.32 


113.7 


1.07 


md2432 


52754.8576 


-19.96 


3.19 


3.52 


3.32 


113.1 


1.062 


md2433 


52754.8600 


-20.08 


3.22 


3.56 


3.29 


111.9 


1.081 


md2434 


52754.8624 


-19.93 


3.20 


3.54 


3.29 


111.4 


1.077 


md2435 


52754.8644 


-20.12 


3.21 


3.54 


3.30 


111.9 


1.07 


md2436 


52754.8680 


-19.98 


3.20 


3.52 


3.31 


111.4 


1.063 


md2437 


52754.8699 


-19.97 


3.20 


3.54 


3.31 


110.8 


1.068 


md2438 


52754.8733 


-19.89 


3.22 


3.53 


3.30 


112.5 


1.07 
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Table 3. Measured parameters of H/3, H7, and US lines. 



File 


HJD 


H/3 


H7 


m 


ID 


-24UUUUU 


Wx 
[A] 




Iv 




V/R 


[km/s] 


Wx 
[A] 


h 


Iv 


I r . 


V/R 


[km/s] 


Wx 
[A] 


Ic 


R1015 


49021.5907 














4.659 


0.608 


0.710 


0.700 


1.014 


270.08 


— 


— 


R1059 


49022.6588 


— 


— 


— 


— 


— 


— 


4.881 


0.598 


0.711 


0.696 


1.021 


268.39 


— 


— 


Rl 155 


49026.5279 


— 


— 


— 


— 


— 


— 


4.912 


0.586 


0.708 


0.700 


1.011 


277.96 


— 


— 


R1375 


49079.4129 


3.501 


0.856 


0.988 


1.001 


0.987 


185.99 


















R1471 


49088.4529 


3.780 


0.871 


0.957 


0.993 


0.963 


195.37 


















R1510 


49092.3966 


3.401 


0.869 


0.961 


1.016 


0.945 


194.59 


















R151 1 


49092.4226 


3.419 


0.869 


0.979 


1.005 


0.974 


200.04 


















R1639 


49105.4810 


3.689 


0.856 


0.978 


1.002 


0.976 


187.61 


















R1691 


49116.4228 


3.803 


0.862 


0.985 


0.947 


1.040 


191.14 


















HI 349 


51924.5409 


2.955 


0.859 


0.971 


1.007 


0.964 


190.56 


4.633 


0.613 


0.721 


0.713 


1.011 


245.24 


5.350 


0.529 


H1396 


51936.5148 


2.954 


0.861 


0.995 


0.998 


0.996 


178.27 


4.541 


0.623 


0.717 


0.710 


1.009 


223.09 


5.500 


0.532 


H1417 


51938.5012 


3.017 


0.869 


0.977 


0.996 


0.980 


173.29 


4.560 


0.620 


0.702 


0.711 


0.987 


223.44 


5.503 


0.529 


H1613 


51959.5535 


3.023 


0.852 


1.000 


0.994 


1.006 


192.09 


4.628 


0.610 


0.724 


0.712 


1.017 


238.98 


5.340 


0.537 


HI 852 


52005.3418 


2.958 


0.889 


1.015 


0.987 


1.028 


163.42 


4.658 


0.621 


0.703 


0.695 


1.011 


234.35 


5.440 


0.533 


HI 951 


52027.4415 


3.140 


0.859 


1.015 


1.023 


0.992 


176.36 


4.530 


0.617 


0.729 


0.725 


1.005 


219.72 


5.236 


0.537 


HI 966 


52029.3652 


2.765 


0.883 


1.019 


1.035 


0.984 


175.75 


4.570 


0.614 


0.731 


0.727 


1.003 


214.79 


5.509 


0.533 


H2058 


52038.5645 


2.854 


0.910 


1.017 


1.027 


0.990 


175.13 


4.501 


0.626 


0.692 


0.708 


0.977 


238.28 


5.392 


0.542 


CCD1532 


52321.6412 














4.218 


0.658 


0.758 


0.744 


1.019 


238.24 


— 


— 


H3339 


52343.4912 


2.642 


0.959 


1.094 


1.106 


0.989 


168.35 


4.407 


0.644 


0.748 


0.750 


0.997 


222.40 


5.167 


0.546 


H3465 


52352.5557 


2.112 


0.978 


1.090 


1.114 


0.978 


169.58 


4.405 


0.643 


0.747 


0.758 


0.985 


225.85 


5.489 


0.537 


H3492 


52362.3688 


1.995 


0.963 


1.104 


1.122 


0.983 


180.07 


4.154 


0.660 


0.774 


0.765 


1.012 


231.72 


5.364 


0.537 


H3567 


52366.3847 


2.207 


0.950 


1.114 


1.134 


0.982 


176.98 


4.334 


0.646 


0.760 


0.750 


1.008 


214.45 


5.194 


0.535 


H3658 


52373.4362 


2.231 


0.993 


1.108 


1.085 


1.021 


151.70 


4.314 


0.659 


0.758 


0.739 


1.019 


223.43 


5.390 


0.545 


H3977 


52417.4422 


2.441 


0.959 


1.077 


1.139 


0.945 


181.91 


4.250 


0.657 


0.761 


0.756 


1.006 


224.46 


5.461 


0.539 


H5335 


52657.5959 


2.359 


1.023 


1.093 


1.133 


0.964 


153.56 


4.340 


0.661 


0.749 


0.755 


0.992 


242.09 


5.571 


0.539 


H541 1 


52683.5671 


2.626 


1.000 


1.097 


1.060 


1.034 


146.15 


4.367 


0.662 


0.758 


0.740 


1.024 


235.87 


5.308 


0.551 


H5431 


52684.4712 


2.091 


1.033 


1.136 


1.094 


1.038 


144.92 


4.532 


0.664 


0.744 


0.725 


1.026 


249.34 


5.298 


0.553 


H5434 


52684.5418 


2.330 


1.017 


1.124 


1.079 


1.041 


144.92 


4.471 


0.665 


0.751 


0.726 


1.034 


251.75 


5.014 


0.557 


H5481 


52687.4981 


2.656 


1.007 


1.130 


1.091 


1.036 


159.72 


4.400 


0.655 


0.746 


0.719 


1.037 


233.11 


5.303 


0.545 


H5484 


52687.5881 


2.251 


1.008 


1.350 


1.095 


1.036 


160.95 


4.286 


0.662 


0.754 


0.734 


1.027 


227.93 


5.112 


0.553 


H5495 


JZDoo.tUtZ 


2.230 


1.015 


1.124 


1.108 


1.014 


162.80 


4.508 


0.660 


0.753 


0.731 


1.030 


233.45 


5.302 


0.556 


H5524 


52692.4424 


2.247 


0.973 


1.113 


1.132 


0.983 


182.54 


4.524 


0.649 


0.760 


0.746 


1.019 


228.58 


5.458 


0.540 


H5537 


52693.4215 


2.122 


0.963 


1.121 


1.122 


0.999 


185.62 


4.554 


0.641 


0.760 


0.748 


1.016 


236.39 


5.109 


0.548 


H5757 


52720.3170 


1.762 


0.986 


1.094 


1.152 


0.949 


169.58 


4.263 


0.661 


0.752 


0.763 


0.985 


248.64 






H5793 


52721.4772 


1.940 


0.998 


1.091 


1.160 


0.940 


163.42 


4.548 


0.648 


0.736 


0.745 


0.988 


230.34 


5.128 


0.545 


H5816 


52722.5142 


2.400 


0.990 


1.090 


1.157 


0.942 


161.57 


4.520 


0.656 


0.748 


0.756 


0.989 


229.65 


5.379 


0.545 


H5836 


52723.4036 


1.795 


0.999 


1.110 


1.171 


0.947 


178.22 


4.543 


0.646 


0.746 


0.740 


1.008 


234.83 


5.127 


0.547 


H5837 


52723.4325 


1.845 


0.997 


1.102 


1.168 


0.943 


175.75 


4.249 


0.658 


0.758 


0.760 


0.997 


238.28 


5.164 


0.546 


H5864 


52724.4549 


2.118 


0.983 


1.077 


1.153 


0.934 


182.53 


4.247 


0.651 


0.760 


0.761 


0.998 


236.21 


5.133 


0.546 


H5926 


52727.4657 


1.977 


0.972 


1.096 


1.158 


0.946 


188.08 


4.292 


0.646 


0.756 


0.762 


0.992 


222.39 


5.141 


0.548 


md0414 


52734.7618 


1.784 


0.968 


1.135 


1.135 


1.000 


176.58 


















mdl233 


52742.6623 


2.044 


1.003 


1.108 


1.099 


1.008 


150.14 


















md2123 


52751.8303 


1.489 


1.021 


1.127 


1.108 


1.017 


168.04 


















md2124 


52751.8530 


1.620 


1.021 


1.125 


1.104 


1.019 


168.81 


















md2441 


52754.8980 


1.788 


0.985 


1.106 


1.137 


0.972 


181.25 


















md2442 


52754.9047 


1.548 


0.993 


1.119 


1.148 


0.974 


181.26 
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Table 4. Measured parameters of Si II 6347, Si II 637 1 , He I 6678, and Fe II 6456 lines. 



File 


HJD 

-2400000 


Sill 6347 A 


Si II 6371 A 


He I 6678 A 


Fell 6456 A 


W [AJ 


T 

ic 


W |AJ 


ic 


wr A 1 
W [AJ 


r 

-Ic 


W [A] 


r 


R00311 


48813.4315 


n ri/i 
U.U4 


Pi CiHPi 

U.9 /U 


n nn i 
0.0UI 


n no t 
U.981 


n i 7o 
U.l /z 


n m 1 
U.9 / 1 


n i cm 
—U.loo 


i m n 
1.UI9 


R00685 


48883.50105 


n i 1 
U.ll 


0.95 / 


n nm 
0.00/ 


n noQ 
0.983 


n i cn 
U.OU 


n mo 
0.9/8 


n non 
— U.Uoa 


t n 1 n 
1.U1U 


R00743 


48893.2294 


n 1 1 
U.l 5 


n ncQ 
0.953 


n im 
0.0/ / 


n m/t 
0.9/4 


n in£ 
U.zUo 


n mn 
0.9/0 


n nco 
— U.UoZ 


t nm 
I.UU/ 


R00940 


49018.5747 










0.166 


0.977 


—0.165 


1.015 


R01270 


49045.4875 


A 1 A 

U.14 


n nAn 
0.969 


n 1 Qn 
0.130 


n mA 
0.9/6 


n on i 
U.zUl 


n nA-7 
U.96/ 


n i no 
— U.1UZ 


t nnA 
1.UU6 


R01303 


49066.4515 


n 1 a 
U.14 


n nA/t 
0.964 


n 1 q 1 
0.131 


n mo 
0.9 /Z 


n i m 
U.1V / 


n nA /t 
0.964 


n n/t A 
— U.044 


t nn i 
1.UU1 


R01381 


49079.5350 


n 1 1 
U.U 


n OA/1 
0.964 


n 1 i o 
U.I 1Z 


n mo 
U.9 11 


U.Z13 


n oa^ 
U.903 


— U.U / 4 


t nn^ 
l.UUj 


R01442 


49081.4162 


n i o 
U.lz 


n mn 
0.9/0 


n no /i 
0.034 


n noQ 
0.983 


n on/i 
U.ZU4 


n nAQ 
0.963 


n i c;o 
— U.16Z 


t n 1 o 
1.U1Z 


R01448 


49081.4524 


n i a 
U.14 


n n£ 1 
0.961 


n noQ 
0.083 


n no 1 
0.981 


n on^ 
U.zUj 


n nc^ 
0.953 


n n /t o 
— U.U48 


n nnn 
U.999 


R01465 


49088.3750 


n no 
U.Uo 


n OTA 

0.9 /6 






n oni 
U.ZU3 


n del 
U.9o / 


n nno 
— U.Uao 


t nno 
l.UUo 


R01515 


49092.4614 


U.U / 


n oto 
0.9 /Z 






n ono 
U.zUz 


n OAn 
U.96U 


— U.U/4 


i nm 
l.UU/ 


R01565 


49102.3385 


n nn 

u.uy 


n ma 
0.9/3 






n i "7n 
U.l /U 


n nAo 
U.968 


n nso 
— U.U68 


t nnQ 
1.UU3 


R01566 


49102.3636 


n iY7 
U.U/ 


n mo" 
0.9/ / 






n i /Ci 
U.lol 


n nAn 
0.969 


n nnc; 
— U.096 


t nn/t 
1.UU4 


R01568 


49102.3818 


n f\i 
U.U/ 


0.9/ / 






n i n i 
U.191 


n nAA 
0.966 


n i no 
— U.lUo 


t nnn 
1.UU9 


R01697 


49116.4731 


n 1 o 
U.lz 


0.95 / 


n 1 m 
0.1 OZ 


n mn 
0.9/9 


n onn 
U.zUV 


n nc? 
0.955 






R01740 


49119.5657 


n no 
U.Uo 


n m 1 
0.9/ 1 


n nA 1 
0.061 


n mo 
0.9/8 


n om 
U.zU/ 


n nA/t 
0.964 






R01839 


49133.3452 


n 1 1 
U.l j 


Ci OAA 

0.966 


n 1 T7 
U. 13 / 


n nA/t 
U.964 


n i ao 
U.loz 


n fV7£ 

u.y / J 






R01849 


49133.4032 


n 1 1 
U.l J 


n nc7 
0.95 / 


n n^ /i 
0.054 


n mo 
0.9/8 


n i C7 
U.l J / 


n nA-7 
0.96/ 






R03466 


49310.5844 


n no 
U.Uo 




n noA 
0.0Z6 




n i oo 
U. loz 




n i c k 
— O.loo 




R03467 


49310.6279 


n 1 1 
U.l J 




n ni o 
0.038 




n i ca 
U. lo4 




n i i o 
— 0.112 




R03601 


49350.6331 


n no 
U.Uo 


Ci QHA 

0.9 /4 


n noc 


n mo 
U.9 /8 


n i A/i 
U.104 


n oao 
U.969 


n i 71 
— U.l ( 1 


1.UI5 


R03848 


49403.6115 


n no 
U.Uo 


0.9/5 


n mo 
0.0/8 


n noo 
0.98Z 


n i qa 
U.l JO 


n mQ 
0.9/3 


n 11/; 

— U.116 


t nnn 
1.UU9 


R04243 


49463.3294 


n no 
U.Uo 


n nAA 
0.966 


n m/t 
0.0/4 


n m/t 
0.9/4 


n i ao 
U.loo 


n nA-7 
0.96/ 


n i a o 
— U.140 


t n 1 i 
1.U1 1 


R04249 


49463.3564 


n nn 

u.uy 


n nAQ 
0.963 


n m/t 
0.0/4 


n m< 
0.9/5 


U.l / j 


n nA£ 
0.965 


n nno 
— U.Uyo 


t nno 
1.UU8 


R04261 


49463.4929 


0.09 


A nAA 

0.966 


0.089 


0.978 


0.160 


0.968 


—0.128 


1.014 


R04274 


49463.5259 


n i 1 
U.l 1 


n nAA 
0.966 


n nnQ 
0.093 


n m< 
0.9/5 


n i 7? 
U.l IJ 


n nAA 
0.966 


n noc; 
— U.Ooo 


t nnn 
1.UU9 


R04406 


49466.3311 


n nn 

u.uy 


0.9 /0 


n no 1 
0.081 


n mn 
0.9 /9 


n ni 
U.l /I 


n mo 
0.9 11 


n i i n 
— U.119 


i m 1 
1.U1 1 


R04407 


49466.3459 


0.10 


0.965 


0.077 


0.976 


0.172 


0.969 


—0.074 


1.010 


R04427 


49466.3994 


n i n 
U.1U 


0.9 /0 


n mo 
U.0/8 


n mo 
U.9 /8 


n i T7 
U.lZ/ 


n m i 
U.9 / 1 


n i qq 
—U.loo 


t nn 
1.U1 / 


R04433 


49466.4142 


n 1 n 
U.1U 


n nAA 
0.966 


n mo 
0.0/Z 


n no 1 
U.981 


n i at 
U.lo/ 


n m i 
0.9/1 


— u.u/y 


i m i 
1.U1 1 


R04445 


49466.5338 


n nn 
U.09 


0.963 


n m /i 

0.074 


n non 

U.98U 


n i £o 

U.162 


n nAn 

0.969 


—0.133 


1 m 1 
1.U1 1 


R04446 


49466.5492 


n nn 

u.uy 


n nA/t 
0.964 


n mn 
0.0/9 


n mA 
U.9 lb 


n i ao 
U.loz 


n nAT 
0.96 / 


— U.0/6 


t n 1 n 
1.U10 


R04462 


49466.6149 


0.09 


0.962 


0.080 


0.973 


0.167 


0.965 


—0.131 


1.01 1 


R04469 


49467.3034 


n 1 n 

0.10 


A OA A 

0.964 


0.077 


n mA 

0.976 


n i oc 

0.1 o5 


n nA /i 

0.964 


—0.076 


t nm 

1.0U7 


R04484 


49467.3497 


n i n 
U.iU 


n nAQ 
0.963 


n noo 
0.08Z 


n im 
0.9/ / 


n i "7 1 
U.l /I 


n nAn 
0.969 


n i on 
— U.130 


t n 1 q 
1.U13 


R04496 


49467.4651 


n i 1 
U.l 1 


A nAo" 

0.967 


n mn 

0.079 


n mn 

0.979 


n i ha 

U.174 


n nAo 

0.968 


—0.083 


t n 1 n 
1.U10 


R04515 


49467.5566 


n i 1 
U.l 1 


n nAQ 
0.963 


n noo 
0.08Z 


n mA 
0.9/6 


n i oo 
U.loz 


n nAn 
0.969 


n i oo 
— U.loo 


i m i 
1.U1 1 


R07348 


49702.6550 


n nn 
U.U9 


n noo 
0.982 


n nAn 
0.069 


n no /t 
0.984 


U.zlD 


n nAn 
0.969 


n i /i c 
— U.145 


i m 1 
1.U1 1 


R08124 


49853.4086 


n nn 
U.U9 


n m 1 
0.9/ 1 


n m/t 
0.0/4 


n no 1 
0.981 


n i oo 
U.loo 


n nA/t 
0.964 


n 1 n/t 
— U.1U4 


t nm 
l.UU/ 


R08126 


49853.4793 


n nn 


U.9 /Z 


n mn 
U.O/U 


n mn 
U.9 /9 


n i An 


n oao 
U.96S 


n no i 
— U.Uol 


i nm 
i.UUl 


R08190 


49862.3759 


n nn 
U.U9 


n nAo 
0.968 


n no c 
0.085 


n mA 
U.9 /6 


n i n i 
U.1V1 


n nAT 
U.96 / 


n n7n 
— U.0/0 


t n 1 n 
1.U1U 


R08191 


49862.3842 


n i n 
U.IU 


n mc 
0.9/5 


n nno 
0.09Z 


n m/t 
U.9/4 


n i n-i 
U.194 


n nAT 
0.96/ 


n noo 
— U.Ooo 


t nnQ 
I.UU3 


R08551 


49918.3372 


n nn 
U.U9 


0.95 / 


n no a 
0.084 


n mn 
U.9/U 


n on^ 
U.zUj 


n nA/t 
0.964 


n no /t 
— U.0Z4 


t nno 
1.UU8 


R08739 


49930.3387 


n nn 
U.U9 


n nAA 
0.966 


n nno 
0.098 


n m/t 
U.9/4 


U.l /4 


n (V7 1 
U.9/1 






R09690 


50080.6261 


n 1 1 
U.12 


n mn 
0.9/0 


n noo 
0.08Z 


n non 
U.98U 


n i T) 
U.l /z 


n nAA 
U.966 


n n'yi 
— U.0/ 1 


t nnA 
1.UU6 


R09862 


50104.7034 


n i 1 
U.l 1 


n mo 
0.9/2 


n noo 
0.088 


n mn 
U.9/9 


n i *70 
U.l /z 


n mn 
0.9/0 






R 10089 


50140.5900 


n i n 
U.IU 


n m 1 
0.9/ 1 


n nn 1 
0.091 


n mn 
U.9/9 


U.l /3 


n nAn 
0.969 






R 10245 


50158.5779 


0.10 


0.976 


0.080 


0.982 


0.183 


n nAA 

0.966 






R10268 


50159.4882 


n no 
U.Uo 


n nAQ 
0.963 


n t oo 
0.1 ZZ 


n mA 
0.9/6 


n i on 
U.lo/ 


n nAA 
0.966 






R 10285 


50160.4201 


0.09 


0.967 


0.097 


0.978 


0.187 


0.972 






R10562 


50193.4706 


n in 


975 


195 


97? 


U. 1 oz. 


966 


— Oofi 
u.oou 


1 004 


R10972 


50249.4667 


0.09 


0.969 


0.079 


0.975 


0.161 


0.968 






R 10995 


50251.3830 


0.11 


0.958 


0.146 


0.963 


0.186 


0.974 






R11509 


50316.3418 


0.11 


0.960 


0.086 


0.982 


0.168 


0.963 






R 12257 


50448.6371 


0.09 


0.973 


0.081 


0.981 


0.163 


0.970 






R12528 


50506.5231 


0.09 


0.970 


0.099 


0.976 


0.178 


0.967 






R12619 


50509.5290 


0.10 


0.970 


0.071 


0.981 


0.184 


0.967 






R 12743 


50518.4640 


0.10 


0.967 


0.098 


0.975 


0.179 


0.966 
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Table 4. - continued 



File 


HJD 

-2400000 


Sill 6347 A 


Sill 6371 A 


Hei 


5678 A 


Fell 6456 A 


W[A] 


Ic 


W\A\ 


Ic 


W[A] 


Ic 


W\A\ 


Ic 


R 13044 


50583.4009 


0.09 


0.969 


0.085 


0.974 


o 


181 


0.965 






R13544 


51238.5568 


0.13 


0.978 


0.043 


0.988 


o 


120 


0.978 


—0.105 


0.978 


R13622 


51250.4931 


0.03 


0.986 


0.106 


0.984 


o 


122 


0.976 


—0.118 


0.976 


R13795 


51316.3680 


0.15 


0.975 


0.076 


0.977 


o 


164 


0.977 


00000 


1.021 


R13799 


51316.4734 


0.09 


0.954 






o 


208 


0.960 


—0.079 


1.021 


R13842 


51322.4657 


0.09 


0.984 


0.050 


0.983 


o 


152 


0.971 






R13849 


51323.3312 


0.10 


0.989 


0.043 


0.988 


o 


144 


0.975 


—0.037 


0.998 


R13851 


51323.3469 


0.10 


0.981 


0.033 


0.995 


o 


131 


0.974 


—0.133 


1.010 


R13853 


51323.3652 


0.07 


0.969 


0.039 


0.988 


o 


151 


0.974 


—0.135 


1.008 


R13855 


51323.3851 


0.07 


0.973 


0.063 


0.981 


o 


177 


0.966 


—0.175 


1.014 


R13857 


51323.4095 


0.07 


0.972 


0.042 


0.991 


o 


165 


0.968 


—0.182 


1.013 


R13859 


51323.4402 


0.07 


0.974 


0.052 


0.984 


o 


153 


0.969 


—0.147 


1.009 


R13868 


51325.3803 


0.08 


0.969 


0.066 


0.979 


o 


144 


0.973 


—0.133 


1.002 


R13920 


51328.4117 


0.08 


0.963 


0.080 


0.968 


o 


147 


0.972 






R13922 


51328.4401 


0.08 


0.962 


0.093 


0.972 


o 


148 


0.973 






R14118 


51378.5441 


0.05 


0.966 


0.062 


0.979 


o 


165 


0.974 






R14137 


51379.4291 


0.06 


0.969 


0.052 


0.983 


o 


187 


0.974 






R14276 


51391.4448 


0.06 


0.970 


0.058 


0.978 


o 


182 


0.972 






R14438 


51401.3442 










o 


1 14 


0.980 






R14477 


51410.3629 


0.05 


0.974 


0.049 


0.986 


o 


148 


0.975 






R14787 


51433.3458 


0.07 


0.965 


0.083 


0.977 


o 


158 


0.972 






R15597 


51580.6094 


0.06 


0.975 






o 


133 


0.973 


—0.071 


1.001 


R15740 


51602.4666 


0.06 


0.983 


0.030 


0.990 


o 


138 


0.975 


—0.181 


1.011 


R15898 


51643.4587 


0.04 


0.983 






o 


112 


0.977 


—0.102 


1.001 


R15973 


51656.3361 


0.06 


0.974 


0.088 


0.974 


o 


134 


0.975 


—0.100 


0.996 


R16003 


51661.4248 


0.05 


0.978 


0.039 


0.986 


o 


130 


0.974 


—0.068 


0.997 


R16079 


51669.3846 


0.06 


0.969 


0.036 


0.983 


o 


132 


0.976 


—0.127 


1.011 


R16137 


51678.3676 


0.05 


0.983 


0.026 


0.990 


o 


139 


0.976 


—0.080 


1.004 


R16148 


51679.3875 


0.04 


0.976 


0.039 


0.988 


o 


152 


0.975 


—0.213 


1.010 


R16150 


51679.4007 


0.05 


0.978 


0.035 


0.989 


o 


127 


0.979 


—0.159 


1.009 


R16153 


51679.4206 


0.05 


0.979 


0.047 


0.984 


o 


140 


0.974 


—0.223 


1.017 


R16154 


51679.4386 


0.05 


0.975 


0.038 


0.944 


o 


142 


0.976 


—0.228 


1.019 


R16167 


51680.3668 


0.04 


0.975 


0.050 


0.984 


o 


133 


0.972 


—0.211 


1.015 


R16195 


51681.4057 


0.05 


0.974 


0.042 


0.978 


o 


140 


0.978 


—0.207 


1.015 


R16505 


51714.3660 


0.07 


0.971 


0.036 


0.985 


o 


140 


0.975 


—0.085 


1.002 


HR1349 


51924.5409 


0.10 


0.974 


0.052 


0.983 


o 


170 


0.967 


—0.110 


0.992 


HR1396 


51936.5148 


0.14 


0.959 






o 


1 14 


0.977 


—0.253 


1.009 


HR1417 


51938.5012 


0.12 


0.966 






o 


194 


0.966 


—0.217 


1.012 


HR1951 


52027.4415 


0.10 


0.966 






o 


135 


0.972 


—0.219 


1.011 


HR1966 


52029.3652 


0.14 


0.949 






o 


134 


0.976 


—0.113 


1.001 


HR2058 


52038.5645 


0.11 


0.957 






o 


178 


0.974 


—0.153 


1.004 


CCD 1639 


52322.6262 


0.08 


0.966 






o 


158 


0.969 


—0.213 


1.008 


CCD 1640 


52322.6737 


0.05 


0.972 






o 


165 


0.974 


—0.245 


1.014 


HR3339 


52343.4912 


0.17 


0.961 






o 


150 


0.965 


—0.480 


1.039 


HR3465 


52352.5557 


0.15 


0.951 






o 


153 


0.968 


—0.629 


1.052 


HR3492 


52362.3688 


0.14 


0.962 






o 


144 


0.972 


—0.314 


1.018 


HR3567 


52366.3847 


0.08 


0.972 






o 


122 


0.968 


—0.292 


1.016 


HR3658 


52373.4362 


0.08 


0.970 






o 


129 


0.975 


—0.365 


1.025 


HR3977 


52417.4422 


0.17 


0.950 






o 


139 


0.974 


—0.513 


1.037 


HR5335 


52657.5959 


0.05 


0.981 









156 


0.972 


—0.330 


1.020 


HR5411 


52683.5671 


0.09 


0.977 









140 


0.954 


-0.279 


1.015 


HR5431 


52684.4712 


0.06 


0.976 









151 


0.969 


-0.341 


1.023 


HR5434 


52684.5418 


0.06 


0.974 









134 


0.974 


-0.380 


1.028 


HR5481 


52687.4981 


0.07 


0.977 









139 


0.975 


-0.383 


1.026 


HR5484 


52687.5881 


0.07 


0.977 









130 


0.975 


-0.377 


1.023 


HR5495 


52688.4042 


0.05 


0.979 









133 


0.969 


-0.373 


1.024 


HR5524 


52692.4424 


0.06 


0.978 









151 


0.972 


-0.391 


1.024 


HR5537 


52693.4215 


0.05 


0.978 









132 


0.970 


-0.389 


1.022 
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Table 4. - continued 



File 


HJD 

-2400000 


Sill 6347 A 


Sill 6371 A 


He I 6678 A 


Fell 6456 A 


W[A] 


Ic 


W\A] 


Ic 


W[A] 


Ic 


W[A] 


Ic 


HR5757 


52720.317 






0.04 


0.99 


0.184 


0.967 


—0.486 


1.033 


HR5793 


52721.4772 










0.122 


0.968 


—0.323 


1.020 


HR5816 


52722.5142 










0.080 


0.976 


—0.481 


1.036 


HR5836 


52723.4036 


0.05 


0.977 






0.136 


0.972 


—0.428 


1.028 


HR5837 


52723.4325 










0.152 


0.969 


—0.490 


1.036 


HR5864 


52724.4549 










0.101 


0.974 


—0.563 


1.037 


HR5926 


52727.4657 


0.05 


0.971 






0.256 


0.954 


—0.380 


1.022 


md0412 


52734.7316 


0.063 


0.970 






0.178 


0.965 


—0.402 


1.025 


mdlll8 


52741.9524 


0.030 


0.980 






0.150 


0.971 


—0.385 


1.025 


mdl221 


52742.6241 


0.067 


0.973 






0.145 


0.973 


—0.415 


1.025 


mdl222 


52742.6307 


0.069 


0.964 






0.166 


0.969 


—0.468 


1.036 


mdl421 


52744.8203 


0.076 


0.968 






0.134 


0.979 


—0.391 


1.030 


mdl422 


52744.8238 


0.020 


0.981 






0.142 


0.969 


—0.393 


1.019 


mdl426 


52744.8590 


0.030 


0.979 






0.145 


0.973 


—0.436 


1.028 


md2111 


52751.7782 


0.062 


0.972 






0.141 


0.977 


—0.380 


1.028 


md2112 


52751.7863 


0.066 


0.975 






0.158 


0.968 


—0.403 


1.026 


md2114 


52751.7979 


0.074 


0.975 






0.153 


0.973 


—0.400 


1.024 


md2115 


52751.8014 


0.026 


0.974 






0.161 


0.977 


—0.389 


1.026 


md2229 


52752.5113 


0.047 


0.973 






0.15 


0.966 


—0.415 


1.022 


md2429 


52754.8454 


0.07 


0.977 






0.157 


0.971 


—0.40 


1.025 


md2430 


52754.8493 


0.032 


0.977 






0.107 


0.981 


—0.45 


1.025 


md2431 


52754.8534 


0.053 


0.973 






0.133 


0.977 


-0.43 


1.029 


md2432 


52754.8576 


0.043 


0.979 






0.15 


0.973 


-0.405 


1.023 


md2433 


52754.8600 


0.049 


0.97 






0.147 


0.97 


-0.406 


1.03 


md2434 


52754.8624 


0.064 


0.967 






0.133 


0.971 


-0.429 


1.019 


md2435 


52754.8644 


0.058 


0.977 






0.175 


0.97 


-0.430 


1.031 


md2436 


52754.8680 


0.072 


0.966 






0.122 


0.982 


-0.4 


1.028 


md2437 


52754.8699 


0.072 


0.971 






0.135 


0.971 


-0.431 


1.025 


md2438 


52754.8733 


0.043 


0.983 






0.141 


0.977 


-0.428 


1.026 



